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(54) Title: NOVEL RHODAMINE DERIVATIVES FOR PHOTODYNAMIC THERAPY OF CANCER AND IN VITRO PURGING OF 
THE LEUKEMIAS 

(57) Abstract 

The present invention relates to novel photoactivable rhodamine derivatives for enhancing high quantum-yield production and singlet 
oxygen generation upon irradiation with light while maintaining desirable differential retention of rhodamine between normal and cancer 
cells said derivativerare selected from the group consisting of 4.5^ibromorhodamine 123 (2-(4,5^ibromo^-ami^ 
9-yD-benzoic acid methyl ester hydrochloride); 4,5-dibromomodaminc 123 GW^dil»omo^ 

acid ethyl ester hydrochloride); 4,5-dibromorhodamine 123 (2-(4,5-dibromo^-ammo-3-imin^ acid octhy ester 

hydrochloride); 4,5-dibromorhodamine 110 n-butyl ester <^4>5«libromo-6-a«^ h5!SLSS 
hydrochloride); Rhodamine B n-butyl ester (2-(6-ethyl amino-3-ethyl imino-SH-xanmen^-ylVbenzoic acid n-butyl ester hydmA^). 
and photoactivable derivatives thereof; whereby photoactivation of the derivatives induces cell killing while unactivated denvanves are 
substantially non-toxic to cells. Also, the present invention relates to the use of the photoactivable derivatives of the present invention for 
the photodynamic therapy of a cancer patient by destroying human cancer cells, wherein appropriate intracellular levels of the <tenyatives are 
achieved and irradiation with light of a suitable wavelength is applied. The present invention also relates to a method for the photodynamic 
therapy of a patient suffering from leukemias. disseminated multiple myelomas or lymphomas. 
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(a) Field o f the Invention 

The invention relates to a photodynamic 
treatment for the selective destruction of malignant 
leukemic cells without affecting the normal cells and 
without causing systemic toxicity for the patient. 

(b) Description of Prior Art 

Cancers are uncontrolled cell proliferations 
that result from the accumulation of genetic changes 
in cells endowed with proliferative potential. After 
a variable latency period during which they are 
clinically silent, the malignant cells progress to 
aggressive invasive and metastatic stages with tumor 
formation, bleeding, susceptibility to infections, and 
widespread dissimination throughout the body. 

Despite important advances in treatment, 
cancers still acount for 28% of death in Western 
countries. Treatment of cancer has relied mainly on 
surgery, chemotherapy, radiotherapy and more recently 
immunotherapy. Significant improvement in outcome has 
occured with the use of combined modalities, for 
small number of cancers. However, for the most 
frequent types of cancers (lung, breast, colo-rectal 
and the leukemias) complete remission and cure has not 
been achieved. Therefore, the development of new 
approaches for treating cancer patients is critically 
neeeded particularly for those patients whose disease 
has progressed to a metastatic stage and are 
refractory to standard chemotherapy. To overcome 
resistance, autologous stem cell transplantation 
(AuSCT) has been employed in the treatment of a number 
of advanced forms of cancer. Because high-dose 
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with or without total body irradiation 
chemotherapy with or wi increased response 

can be applied prior to RuS - standard 
r ates have been observed when needs to be 

chemotherapy. One ^™\^ s to the risK of 
, stressed when using AuSC despit e histologic 

r einfusing residual tumor ^ e been 

remission. A va 1Q s of tumor cells 

aeveloped that can deplete , up including 
from the marrow. The „ ur „ ing , are not 

0 immunologic and I*"-" 010 "" 'Jsideration when 

. . efArtn rv . One major cuw=>-»- 
entirely satisfactory. _ prese rve the normal 

P „ rg ing bone J™ compar tment so that normal 
hemopoietic stem eel ree stablished upon 

hemopoiesis can rapid y therapy, in 

ls grafting. Tbe P°««" al £ J lecu ies capable of 

association with ^^"^ sp aring normal 
aestroying malignant « ^ marrou in 

hemopoietic ' ^en unexplored, 

preparation for AuSCT has ^ type 

M This issue has been ^"^^J^ ( CMX. ) * since 
o£ neoplasm, chronic myeloid leuKem ^ 

AuS CT has the potent^ £«<^£. 
sensitive molecular biologic purging 
available to determine the ^ 
25 procedure. lymphomas and 

treating other forms of possibility in 
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below . 


, leuk emia (CML) comprises 15% of 
Chronic plutipot ent hemopoietic 

the leukemias. " „,..,ixea by deregulated 

cell disorder ^enitors and 

35 proliferation of bone marrow P 
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circulating terminally differentiated myeloid cells. 
If left untreated this disease is invariably fatal. 

Genetic analysis on CML cells has identified a 
highly characteristic abnormality consisting of a 
balanced translocation involving chromosome 9 and 22 
where part of the c-abl protooncogene on chromosome 9 
is juxtaposed to the 5' end of the bcr-1 .gene on 
chromosome 22, leading to the formation of a fusion 
gene, a chimeric transcript and a P210 bcr/abl protein 
with tyrosine kinase activity. CML cells harboring 
the translocation are known as Ph-1 + cells, whereas 
non-clonal, presumably normal but suppressed marrow 
cells are known as Ph-1 negative ( Ph-1- ) cells . 

Treatment of CML patient aims at eradicating 
15 Ph-1+ cells and reestablishing non-clonal Ph-1- 
hemopoiesis. Conventional myelosuppressive therapy 
with hydroxyurea, busulfan, and more recently with 
interferon-alpha (IFN-alpha) and hemoharringtonine 
(HTT) have failed to provide prolonged or complete 
20 clinical and cytogenetic remissions (reviewed in 
Goldman J.M. (1994) Blood Reviews, 8:21-29). To date, 
only allogenic bone marrow transplantation (ABMT) in 
young patients (<55 years) with human leukocyte 
antigen-compatible ( HLA-compatible ) sibblings donor 
2 5 marrow has been shown to be curative in over 50% of 
good risks patients. However, only a minority of 
patients (20%) is eligible for allogenic bone marrow 
transplantation because of the lack of suitably 
matched donors or because patients are deemed too old 
30 to withstand the procedure. Therefore, alternative 
strategies to treat CML had to be developed- One 
promising line of research that has produced exciting 
results consists of restoring Ph- hemopoiesis by 
grafting patient's own marrow or peripheral blood stem 
35 cells that were harvested in chronic phase prior to 
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~* total body irradiation. 

— as autoiogols ~" 

This procedure, known as q 

; leukemic cells- To achie croposea incluaing: 

clone several approaches have been prop ^ ^ 

D ;„ vitro exposure of the g 
perhydroxycyclophosphamide (4 or 
stable aerivative Mafosfamiae™ ^ 

2) in vitro selection by growth » long 

3) PoTti:; selection of C03.*«- non-clo»l stem 

cells; and nf 

uifh combinations or 

4) in vivo therapy with come 

or with interferon-alpha 
L5 antileukemic agents or witn 

followed by transplant. 

However, the clinical relevance of these 
me thods remains to be established 

There are many reports on the us 

20 photoayna.ic --;»- tr ;;r rrrrT 

i:: e ;s 61 o £ ™ A- ^ - — — - 9 * 

eradication of viruses and pathogens (Raab O. 

25 infusoria Z. Bid., 39: 524). pho todynamic 
The initial experiments on the use p * 
for cancer treatment using various naturally 
^ or ""synthetically ^J^^ 

"r;rc e tr «u*r. «. 

30 Tappeiner »•»• £» cJiem . z . , 30: 276 >. xn 

2042; Hausman W (Mil) were 
the 40 's and 60 a variety o 

subjectea to photoaynamic therapy both « y 

~ ^ noon) photodynanuc i-nerapy ^ 

vl vo (Kessel David (1990) P £ ^ 

35 neoplastic disease, vol. I. 
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Kessel, Ed. ISBN 0-8493-5816-7 (v. 1), ISBN 0-8493- 
5817-5 (v. 2)). Dougherty et al . and others, in the 
70' s and 80 's, systematically explored the potential 
of oncologic application of photodynamic therapy 
(Dougherty T. J. (1974) J. Natl Cancer Inst., 51: 
1333-1336; Dougherty T. J. et al. (1975) J. Natl 
Cancer Inst., 55: 115-121; Dougherty T. J. et al. 
(1978) Cancer Res., 38: 2628-2635; Dougherty T. J. 
(1984) Urol. Suppl., 23: 61; Dougherty T. J. (1987) 
Photochem. Photobiol. , 45: 874-889). 

Treatment of leukemia with photodynamic therapy 

There is currently a lack of antineoplastic 
agents which allow selective destruction of expanded 
leukemic cells while leaving intact the normal but 
suppressed residual cellular population. Preferential 
uptake of photosensitive dye and cytotoxicity of 
photodynamic therapy against leukemia cells have been 
previously demonstrated (Jamieson C. H. et al. (1990) 
Leuk. Res., 14: 209-219). 

It would be highly desirable to be provided 
with new photosensitizers which possess the following 
characteristics: 

i) preferential localization and uptake by the 
malignant cells; 

ii) upon application of appropriate light 
intensities, killing those cells which have 
accumulated and retained the photosensiting 
agents? 

iii ) sparing of the normal hemopoietic stem cell 
compartment from the destructive effects of 
activated photosensitizers; and 

iv) potential utilization of photosensitizers for 
bone marrow purging of harvested marrow in 
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preparation for autologous bone marrow 
transplantation . 

The Rhodamine dyes . . QO _ Q _ 

s Rhodamine 123 (2-(6-amino-3-imi„o-3H-x«nthen 9 

yl) benzoic acid methyl ester hydrochloride) a 
lipophilic cationic dye of the pyrylium class which 
can disrupt cellular homeostasis and be «*to.«t« or 
cytotoxic upon hi 9 h concentration exposure and/or 
10 photodynamic therapy. although -it, . J very P 

guantum yield <°>-™* V t has been used in 
r a n^er Kes., 48: 1295-l^yy>- , • • „ 

-Fluorescent stain for living 
vitro as a specific fluorescent , 

Tt is taken up and is preferentially 
mitochondria. It is taKen up . 

i tvoes impairing tneir 
15 retained by many tumor cell t« ■ P ^ anfl 

proliferation and survival by «"«^» ^ 

mitochondrial function (Oseroff A. R. (19- > 

Photo^n-ic therapy (Henderson B. «.. °°ugh erty '. a. 

eds) New York: Marcel Dekxer. pp. 79-91). In vivo. 

20 serotherapy with rhodamine 123 can prolong . the 

survival of cancerous mice. but. despite initial 

attemps to utilize rhodamine 123 in the treatment of 

at temps ..„,.. toxici ty of rhodamine 123 may 

tumors. its systemic toxicity o 

limit its usefulness (Bernal.S .D. . et .1. 119831 
25 science. 222 = 169, Powers.S.K. et al. (1987) J. 

Neurosur. , 67: 889). , ^ 

united States Patent No. 4.612.007 issued on 
September 16. 1986 in the name of Richard L Edelson. 
discloses a method for externally treating human 
^ oo" with the objective of reducing the 
lymphocyte population in the blood system o a human 
subject. The blood, withdrawn from the subject is 
passed through an ultraviolet radiation field in the 
presence of a dissolved photoactive agent «P">^ 
forming photoadducts with lymphocytic This 
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method presents the following disadvantages and 
deficiencies. The procedure described is based on the 
utilization of known commercially available 
photoactive chemical agents for externally treating 
patient's blood, leaving the bone marrow and potential 
resident leukemic clones intact in the process. 
According to Richard L. Edelson, the method only 
reduces, does not eradicate, the target cell 
population. Moreover, the wavelength range of UV 
radiation used in the process proposed by Richard L. 
Edelson could be damageable to the normal cells. 

International Application published on January 
7, 1993 under International publication number WO 
93/00005, discloses a method for inactivating 
pathogens in a body fluid while minimizing the adverse 
effects caused by the photosensitive agents. This 
method essentially consists of treating the cells in 
the presence of a photoactive agent under conditions 
that effect the destruction of the pathogen, and of 
preventing the treated cells from contacting 
additional extracellular protein for a predetermined 
period of time. This method is concerned with the 
eradication of infectious agents from collected blood 
and its components, prior to storage or transfusion, 
and does not impede on the present invention. 

It would be highly desirable to be provided 
with a new approach for the use of rhodamine 
derivatives in the treatment of tumors which overcomes 
these drawbacks while having no systemic toxicity for 
the patient. 
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gHMttftBX-flE -T ff fi TWVBWTIO b tra ns P lantation 
since autologous stem cexx ^ 

JL.nti.llY curative strategy x£ 
(AuS CT) offers a .P^*" 1 * be separat ed from 

normal hematopoietic cells could * 
neoplastic stem cells either « «tro or an . 

• h.ntv was investigates. or 

possibility »» quantum efficiencies 

photosensitizing ayes with hig uith 
o£ phototoxic -"vity m 

p h otoayna„ic t^apy -T. ^ ^ ^ 

) eradication of the erribina PDT -based 

purging of marrow * present 

photoinactivation t„* of the Known 

invention were designed to * ad , aerivative s 

5 exclusion of rhodamine-123 and 

cells which stain poorlv - Moreover, 
maintain extensive self does „ ot 

because PDT-based bone marrow pu « « positive 
!0 preclude the use of other "^J^J/^ used 
and/or negative selection of marrows it 
in con.onction with other therapeutic : 

one aim of the P»«»* following 
new photosensitized endowed with the 

25 characteristics: , intake by the 

i) preferential localization and uptake 

malignant cells; approp riate light 

ii, upon application of PP P ^ 
intensities, killing those cens 
accumulated and retained the photosensitizing 

a9e " tS: of the normal hemopoietic stem cell 
comParLJll torn the destructive effects of 
activated photosensitizers ; and 
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iv) potential utilization of photosensitizers for 
bone marrow purging of harvested marrow in 
preparation for autologous bone marrow 
transplantation , 

Accordingly, the method of the present 
invention using photodynamic therapy was structured so 
as to eradicate the malignant clonogenic cells from 
CML bone marrow. 

Another aim of the present invention is to 
provide, using rhodamine derivatives, a new method for 
the treatment of tumors which overcomes the systemic 
toxicity problems, inasmuch as photodynamic therapy is 
used in vitro for the purging of cancerous clones from 
the bone marrow of chronic myelogenous leukemia (CML) 
patients . 

In accordance with the present invention, the 
phototoxicity of rhodamine B n-butylester (2-(6-ethyl 
amino-3-ethyl imino-3H-xanthen-9-yl ) benzoic acid n- 
butyl ester hydrochloride), 4 , 5-dibromorhodamine 110 
n-butyl ester ( 2- ( 4 , 5-dibromo-6-amino-3-imino-3H- 
xanthen-9-yl ) benzoic acid n-butyl . ester 

hydrochloride) and 4 , 5-dibromorhodamine 110 n-butyl 
ester ( 2- ( 4 , 5-dibromo-6-amino-3-imino-3H-xanthen-9-yl ) 
benzoic acid methyl ester hydrochloride) and other 
esters (ethyl, octyl) have been assessed . 

In accordance with the present invention, there 
is provided photoactivable rhodamine derivatives for 
enhancing high quantum-yield production and singlet 
oxygen generation upon irradiation while maintaining 
desirable differential retention of rhodamine between 
normal and cancer cells, said derivatives are selected 
from the group consisting of 4 , 5-dibromorhodamine 123 
( 2- ( 4 , 5-dibromo-6-amino-3-imino-3H-xanthen-9-yl ) - 
benzoic acid methyl ester hydrochloride); 4, 5- 
dibromorhodamine 123 ( 2- ( 4 , 5-dibromo-6-amino-3-imino- 
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* * ethyl ester 

3H-xanthen-9-yD -benzoic acid 

u . .,, ol . 4 5-dibromorhodamine 123 v*,^ 
hydrochloride). */ 3 « J -" J - rt 

. • in ^=r>+-Hp»n-9-vl) -benzoic acia 
dibromo-6-amino-3-imino-3H-xanthen 9 yx> 

° 1D w _ a 5-dibromorhodamine 110 

octhyl ester hydrochloride), 4,5 dinro 

xanthen-9-yl>-benzoic a C1 d »»ty 

hydrochloride. , Khodamine B n-butyl ester (2 (6 ethyl 

; mino . 3 . et h yl ^"^^^^J^L 

buty l ester J^'^i. o£ said 
10 derivatives thereof where y P unactiva ted 
derivatives induces cell *"" n s 
derivatives are substantially non-toxic to cexls. 

In accordance with the present invention, the 
complete growth inhibition of tumor cell lines is 
15 achieved in vit» after photodynamic therapy effected 
with the above-mentioned photosensitirers . This 
effect contrasts with the lacx of inhibitory effect 
u P on exposure to either light alone or to a saturating 

concentration of the P™^^ of the rhodamine 
20 Due to the specific retention o 

' 123 class of dyes by the abnormal malignant cells and 

the concomitant lacK of their accumulation by the 
normal hematopoietic stem cells, these results provide 
evidence for the potential use of these three new dyes 
25 for in vivo or in vitro photodynamic therapy. 

Fig. 1 is a graph of the photo toxicity of 4.5 
dibromorhodamine 123 used in accordance with the 
3„ method of the present invention and expressed in 

^^""/igs. 2*. 2B and 2C show three graphs of the 
photo toxicity of 4.5-dibromorhodamine 110 n-butyl 
P . with the method of the 


35 


ester used in accordance with 
Present invention and expressed in * viability; and 
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Figs. 3A and 3B show two graphs of the photo 

toxicity of rhodamine B n-butyl ester used in 

accordance with the method of the present invention 
and expressed in % viability. 

PBTAILBD DBSCRIPTTQN OF THB INVENTION 

Photoactive dyes are excited from the ground 
state to the singlet excited state following 
absorption of photons- Singlet excited states of 
organic molecules generally have short lifetimes (10~ 
12_ 10 -6 S ec.) as they rapidly relax back to the ground 
state using non-radiative (vibrational modes) and 
radiative (fluorescence) processes. Intersystem 
crossing to the more stable triplet excited state is " 
15 also competing with relaxation to the ground state. 
Triplet excited states generally have longer lifetimes 
(10-6-10 sec) which allow them to diffuse and react 
with other molecules in the medium. 

Reactivity between molecular oxygen and a 
20 photosensitizer excited to the triplet state, both 
present in malignant cells, is the operating principle 
of most photodynamic therapies. Triplet excited 
states can react with molecular oxygen via two 
different mechanisms. The first mechanism (Type I) 
25 consists of the transfer of an electron from the 
excited dyes to molecular oxygen, resulting in highly 
reactive free radicals being present in the cellular 
environment . 

The second mechanism (Type II) consists of the 
transfer of energy from the excited dyes to molecular 
oxygen, leading to the formation of cytotoxic singlet 
oxygen. 

Photosensitizers must therefore meet two 
conditions in order to be an effective 
35 phototherapeutic agent. The first condition is that 


30 
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they must be present at . far higher 

malignant cells than that in normal ceils. » higher 
concentration of dyes in malignant cells «»"^^ 
hig her concentration - , ^T^T «^ ^ 

sec . , n the presence of 
nhototherapeutic agent, m tne h 

Intracellular concentrations of molecular oxygen must 

lead to the formation of the cytotoxic species with 

10 high efficiency. 

Rhodamine 123 is known to be taken up 
preferentially retained by many tumor «lx. 

consecuently its use as a ^»*°«-**" t " ^ of 
been proposed. However, the singlet excited state of 
15 Rhodaline' 123 does not undergo intersystem cros n 
the triplet excited state efficiently. 
this. Bhodamine 123 is a weak phototoxin Morliere P 
et al. (1990) Photochemistry and Photobidogy. S2(4>. 

20 703 " 710> T 'o overcome the limitations of the prior art 

v. „ a i c+ructure of rhodamine 123 can 
m ethods, the . ChemiC ti al a S ^ Ct ; s r \ 0 enhance intersystem 
be modified in such a way as to 
crossing to the triplet excited state- me 
this could be achieved by substituting heavy atoms 
25 such as Br or other halides. for hydrogen 

molecular structure of rhodamine 123. ™« e£ ° 
dibromorhodamine 123 has been prepared and « s " a ; 

The amphiphatic structure and hydrophilicity of 
the dyes could modulate the cytoplasmic and 
30 mitochondrial membranes and affect the 

of the dye. For example, hydrophobics was shown^to 

be the most important --j^™ 
uptake of porphyrins (Chi Wei M. 

pLtodynamic tnerapy of ^"" C J^.^ 
no mi> Therefore, different eswi& w*. 
35 CRC Press, PP 79-101). i neteiu 
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rhodamine 12 3 and rhodamine B were prepared and 
tested. More specifically dibroroorhodaxnine n-butyl 
ester (DBBE) and rhodamine B n-butyl-ester { RBBE ) . 

Different heavy atom substitutions of the 
5 hydrogen atoms (halogenic substitution) of the 
rhodamine backbone, for example, dibromo and diiodo 
derivatives of rhodamine B and Rh 110, are being 
prepared and tested. 

Dimers/oligomers, hetero dimers/oligomers of 

10 such compounds also will be prepared and tested- 

Substitution of the oxygen heteroatom of the 
rhodamine backbone by a heavier atom to reduce Sq/Si 
splitting, theor it ically should increase spin orbit 
coupling and promote intersystem crossing from the Si 

15 to the Ti .state, producing higher triplets yields than 
the original dye. This should increase proportionally 
the production of singlet oxygen. Therefore, S 

(Sulfur), Se (Selenium) and Te (Tellurium) 
substitutions for the oxygen atom (0) of the rhodamine 

2 0 backbone is explored. More over, other strategies 
for increasing high quantum yields of Type I (free 
radicals) or Type II (superoxyde anion or singlet 
oxygen) products and tumor selective accumulation of 
the dye are tested. 

2 5 In accordance with the present invention, there 

is provided the use of such above-mentioned dyes in 
conjugation with tumor specific antibodies, or 
poisonous substances, or liposomal or lipoproteins, or 
f luorochrome adducts . 

30 In addition, the photosensitizers to be 

described have the potential to act synergistically in 
conjunction with other photoactive substances. 

Moreover , the negative selection procedure 
provided by the use of photodynamic treatment does not 

35 preclude the use of other means for enriching 
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hematopoietic stem cells such as positive selection 
th anti-CD34 monoclonal antibodies. 


wi 


Other Clinical applications 

5 in adition to using photosensitizers in the 

context of in vitro bone marrow purging for the 
leukemias and metastatic cancers, the molecules can 
also be used in vivo for tumor sites dxrectly 
accessible to exposure to a light source and to 
10 appropriate local concentrations of the drugs to be 
described . 

Chemical Synthesis 

All flash chromatography was done according to 

15 the method of Still et al . (Still W. C. et al. (1978) 
j. org. Cher... 43: 2923). Thin-layer chromatography 
was conducted on silica Gel 60™ (HF-245, E. Merck) at 
a thickness of 0.20mm. Nuclear magnetic resonnance 
spectra were obtained with a Varian VXR 300™ (300MHz) 

20 instrument. Spectral data are reported xn the. 

following order: chemical shift (pp.). multxplxcxty , 
coupling constants, number of proton, assignment Low 

. „ • „ fast atom bombardment: 
resolution mass spectra usxng fast at 

( FAB ), were obtained on a Kratos MS-50 
25 spectrometer. Ultraviolet spectra were obtained on a 
varian DMS100™ . spectrophotometer and data 

presented as A/max- 

Preparation of rHodamine B n-butylester 
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Rhodamine B hydrochloride (150 mg, 0.31 mmol) 
was dissolved in 1-butanol (5 ml). The reaction 
mixture was saturated with HC1 (gas) and then stirred 
at 100°C for 15 hr - 1-Butanol was evaporated under 
reduced pressure. The crude oily residue was purified 
by flash chromatography using CH2CI2 (200 ml) and then 
CH 2 C1 2 /CH 3 0H (85:15) as eluant yielding 142 mg (0.27 
mmol, 87% yield) of a dark red solid. 

1 H NMR (Varian 300 MHz, Acetone, TMS ) 

d 8.31 (dd, J=1.4 and 7.8Hz, 1H ) ; 7.86-7.94 (M, 2HO); 
7-54 (dd, J=1.5 and 7.4Hz, 1H); 7.14-7.23 <M, 4H > ; 
7-02 (d, J=2.2Hz, 2H); 3.97 (t, J=6.3Hz, 2H); 3.79 (q, 
J=7.1Hz, 8H); 1.32 <t, J=7.1Hz, 12H); 1.2-1.4 (M, 2H); 
1.01 (h, J=7.5Hz, 2H); 0.75 (h, J=7.3Hz, 3H). 

UV (methanol) / ma x : 54 5nm 
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2. Preparation of dibromortxodamine n-butylester 

O ^r^J^l® 



10 


15 


20 


1-tutand 
K3(gs) 


Br 



2 l Preparation of rhodamine n-butylester 

Rhodamine 110 (14 mg, 0.038 nunol) was dissolved 
in 1-butanol (5 ml). The reaction mixture was 
saturated with HC1 (gas) and then stirred at 100'C for 
15 hr The i-Butanol was evaporated under reduced 
pressure. The crude oily residue was purified by 
flash chromatography using CH 2 C1 2 /CH 3 0H (8<>:15) as 
eluant yielding 14 mg (0.033 mmol, 87% yield) of a red 
solid. 

2 2 preparation of dibromorhodamine n-butylester 

Rhodamine n-butylester (14 mg. 0.033 mmol) was 
dissolved in absolute ethanol (3ml). then bromine 
(0.0036 ml. 0.070 mmol) was added. The mixture was 
stirred at room temperature for 1 hr. The solvent was 
evaporated and the crude reaction residue was F«"'»* 
by flash chromatography using CH 2 C1 2 /CH 3 0H (85=15) as 
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eluant yielding 15.9 mg (0.027 Mol, 83% yield) of a 
red solid. 

1 H NMR (Varian 300MHz, CD3OD) 
5 d 8.31 (dd, J=1.7 and 7.5Hz, 1H); 7.84 (M, 2H); 7.46 
(dd, J=1.8 and 6.9Hz, 1H); 7.12 (d, J=9.2Hz, 2H); 7.03 
(d, J=9.2Hz, 2H); 3.95 (t, J=6.2Hz, 2H ) ; 1.22 (M, 2H ) ; 
0.93 <M, 2H); 0.75 (t, J=7-3Hz, 3H). 

MS ( LR , FAB ) m/z: Calculated for C 24 , H 21 N 2 0 3 Br 2 ; 543 
10 Observed: 543 

3. Preparation of dibromorhodamine 123 


Br Br 



15 

To a solution of rhodamine 123 (25 mg, 
0.066 mmol ) in dry ethanol (1 ml), was added bromine 
(0.01 ml, 0.19 mmol) and the resulting mixture was 
stirred at room temperature for 0.5hr. Evaporation of 
2 0 solvent in vacuum provided the crude compound which 
was purified by flash chromatography using 
CH 2 C1 2 /CH 3 0H (85:15) as eluant yielding 27.0 mg (0.050 
Mol, 77% yield) of a red solid. 

25 1 H NMR (Varian 300MHz, CD3OD ) 

d 8.34 (dd, J=1.7 and 7.5Hz, 1H); 7.85 (M, 2H); 7.46 
(dd, J=1.7 and 7.2Hz, 1H); 7.10 (d, J=9.2Hz, 2H); 7.01 
(d, J=9.2Hz, 2H); 3.64 <s, 3H). 8.3 (d, 1H, 9*lHz, 
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aromatic), 7.9 <m, 2H, aromatic ) , 7.45 (d, 1«, 9.1Hz 
aromatic), 7.0, 7.2 (AB system, 4H, aromatic), 3.64 
(S, 3H, OCH 3 ). 

MS (LR, FAB) m/z: Calculated for C 24 , H2lN 2 03Br2; 501 

Observed: 501 

UV (methanol) / m ax : 510nm 

Physical and photochemical properties 

After synthesis, the purity of the preparation 
of the dyes was assessed by NMR analysis and was shown 
to be over 95%. Absorption and emission spectra were 
determined for each dye. 

Evaluation of cell viability 

The K562 chronic myelogeneous leukemia cell 
line (Lozzio,B.B. and Lozzio,C.B. (1979) Cancer Res.. 
3(6)- 363-370) was obtained from the American Type 
Culture Collection (ATCC, 12301 Parklawn Drive, 
Rockville, MD 20852 USA) under the accession number F- 
10601 R243-CCL. Cultures were maintained at 37°C in a 
humidified incubator with an atmosphere of 95% air and 
5% C0 2 The culture media ( IMDM (iscove Modified 
Dulbeco Media) supplemented with 10% fetal bovine 
serum) were changed bi-weekly and the cells 
resuspended at a concentration of 100,000/ml. Cells 
were shown to be mycoplasma negative by routinely 
testing at 4 weeks interval. 

Before each experiment, cell viability was 
assessed and 2 X 10* viable cells were distributed in 
each 15 ml test tube. Cells were then incubated for 
1 hour at 37°C, spun down and the cell pellet 
resuspended in the culture media in the presence or 
absence of dye. The cells were then incubated for the 
appropriate time at 37°C, generally 40 minutes, then 
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washed twice in PBS (Phosphate Buffer Saline) and 
resuspended in the culture media. Photodynamic 
therapy was then applied to the cell culture, 
immediately or after an incubation period at 37°C. The 
5 cell cultures were kept at 4°C during the application 
of photodynamic activation. 

Phototoxicity of 4, 5-dibromorhodamine 123 

To assess the photochemotherapeutic potential 
10 and the in vitro phototoxicity of 4 , 5-dibromorhodamine 
123 ( DBR ) , the leukemic K-562 cell line assay (as 
described above) was applieded. Exposure to 514. 5nm 
radiation from an argon ion laser at 10 J/cm 2 induced 
photo toxicity in K-562 cells treated with DBR at a 
15 final concentration of 10 ug/ml. DBR was shown to be 
markedly more phototoxic than rhodamine 123; the 
increased activity is beleived to be a consequence of 
increased intersystem crossing of DBR to the triplet 
manifold via spin orbital-coupling induced by the 
2 0 heavy atoms. As shown in Fig. 1, dibromorhodamine is 
extremely phototoxic at doses as little as 1 J/cm 2 and 
the cell viability drops under 5% in less than 24 
hours after irradiation. 

25 Phototoxicity of 4, 5-dibromorhodamine 110 n-butyl 
ester 

To ascertain the photochemotherapeutic poten- 
tial of 4, 5-dibromorhodamine 110 n-butyl ester ( DBBE) , 
in vitro phototoxicity was evaluated in the K-562 cell 
line procedure described. The cells were incubated 
with increasing concentrations of DBBE and the cell 
viability was measured at different time points 
following photodynamic therapy. The results shown in 
Figs. 2A, 2B and 2C show that a dosage of 10 ug/ml of 
3 5 the dye and a brief exposure at 0.5 J/cm 2 completely 
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n viablity in less than 24 hours after 
suppress cell viabiuy 

irradiation. 

butyl ester ( RBBE ) -as b ^ 
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20 xt 1S ODSer pre-incubation 

:: r 1 0£ «. r 

of the cells a* esta bishment of the long 

did not affect neither the est f 

25 cellular colonies issued rro nt in 
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minimally impaired the establishment of normal mouse 
long term culture of bone marrow and the formation of 
hematopoietic colonies in semi-solid assays- This is 
in agreement with results obtained previously in other 
laboratoties using rhodamine 123- 

Conventional approaches for the treatment of 
cancer such as radiotherapy and intensive chemotherapy 
are limited by their intrinsic toxicity and 
myelosuppressive effects. The introduction of 

allogeneic and autologous bone marrow transplantation 
have allowed the administration of marrow ablative 
chemotherapy and radiotherapy to patients whose 
malignancies cannot be cured with less aggressive 
measures. However, allogeneic bone marrow 

transplantation is not widely accessible to patients 
because of the lack of suitable donnors and the onset 
of graf t-versus-host disease in recipients. To 
overcome these limitations and to expand the number of 
patients and age limit for intensive curative therapy, 
the potential benefit of in vitro bone marrow purging 
and autologous bone marrow transplantation has become 
widely acknowledged. 

In an effort to develop new anti-neoplastic 
drugs that would allow selective destruction of 
leukemic malignant cells, new dye molecules have been 
prepared and tested as possible new photosensitizers , 
useful for the photodynamic therapy of leukemias and 
metastatic cancers. Three new photosensitizers of the 
pyrylium family were prepared and there is provided 
evidence for their potential use in the photodynamic 
treatment of cancers and the leukemias. 

The present invention will be more readily un- 
derstood by referring to the following examples which 
are given to illustrate the invention rather than to 
limit its scope. 
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Method of treatment of leukemias 
1. Diagnostic procedures 

Diagnosis of chronic myelogenous leukemia ( CML ) 
will be established using one or more of the following 
procedures on blood or bone marrow cells: 

a) conventional cytogenetics studies with 
identification of Ph 1+ metaphases harbouring 
the t(9:22); 

b) fluorescent in situ hybridization for the 
detection of the bcr/abl rearrangement; and 

c) Southern blot analysis for the detection of a 
rearranged ber fragment or PCR-RT for the 
detection of chimeric ber/abl messenger RNA. 

2 Bone marrow harvesting 

After diagnosis, bone marrow (BM) or peripheral 
blood (PB) derived hemopoietic stem cells will be 
harvested using previously described procedures for 
the autologous marrow transplantation in cancer 
therapy (reviewed by Herzig GP. (1981) Prog. Hsmatol 
12:1). Hemopoietic stem cells collected for autograft 
wi ll be immediately treated ex vivo as described 
below. 

3 in vitro purging of leukemia 

Ex vivo treatment will consist of short-term 
incubation or BM of PB stem cells with one or several 
of the selected photoactive compounds. Duration of 
incubation, cell concentration and drug 
be determined for each patient using an aliquot of the 
harvested cell population. Excess of dyes will be 

* • 4.vs c^i-i i o dve free medium 

removed by cell washes with sterile dye ^ 

supplemented with 2% autologous serum. Cells wil 
35 next be exposed to radiant energy of sufficient 
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intensities to effect photodynamic purging of leukemia 
cells. Efficacy of the photodynamic purging procedure 
will be verified on an aliquot of the treated cell 
population, before cryopreservation and/or re-infusion 
to the patient is performed. Until re-infusion to the 
patient, the cells will be cryopreserved in 10% 
dimethyl sulfoxyde (DMSO) - 90% autologous serum 
medium, at -196°C in the vapour phase of liquid 
nitrogen. 

4. Systemic treatment of patients 

Following stem cell harvest, patient will be 
either treated with conventional regimens until 
autografting is clinically indicated or immediately 
submitted tQ dose-intensive chemotherapy and total 
body irradiation where indicated. 

5. Autologous stem cell transplantation 

Following appropriate treatment of the patient 
by high-dose chemotherapy and irradiation and at the 
appropriate clinical moment, cryopreserved marrow or 
peripheral blood stem cells will be rapidly thawed and 
diluted in medium containing 25 UI DNase ml" 1 to 
minimize clumping. A minimum of 2 X 10 7 /kg nucleated 
cells with 85% to 95% viability as measured by Trypan™ 
blue exclusion will be returned to the patient. 

EXAMPLE II 
Method of treatment of malignancies 
1. Diagnostic procedures 

Diagnosis of malignancies will be established 
using conventional histopathological examination of 
the primary tumor. Detection of marrow involvement by 
neoplastic cells will be achieved by direct 
histological examination and ancillary procedures 
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. (i e immuno-peroxydase, 


10 


15 


studies ) . 


2 Bone marrow harvesting 

After di.gr.osis. bone narrow (BM) or P*"P>>^ 
■blood (PB) derived hemopoietic stem cells will 

° . „.„ ^ascribed procedures for 

harvested using previously describe p „ ncer 
the autologous marrow transplantation in cancer 
therapy (reviewed by Her.ig 0». (1981) 

, Hemopoietic stem cells collected for autograft 
"ill be treated immediately ex vivo as describe, 
below. 

■» In vitro purging of leukemia 

L vivo treatment will consist of short-term 
incubation of B« of PB stem cells with one or ^several 
of the selected photoactive compounds. Duration ^ of 
Incubation, cell concentration and drug . 
20 be determined for each patient using an 

harvested cell pop* . at on = , ^ ^ 

removed by cell wasnes in -.n« will 

supplemented with » ^^"J^^ sufficient 
r^e^-r- be exposed to radiant energy 
25 „t nsities to effect photodynamic purging of leuKemia 

= cpnsitive molecular marker as 

cells. Whenever a sensitive 

, ■ the treated cell population 

available, an aliquot of the tre residua l 
will be tested for the detection of resld ^ 1 
neoplastic cells before preservation ~" 
30 infusion to the patient is 

be cryopreserved in 10% dimethyl sulfoxyde (DMSO) 
t>e cryopica 1Q6»C in the vapour 

90% autologous serum medium, at 196 C 

phase of liquid nitrogen. 
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4- Systemic treatment of patients 

Following stem cell harvest, patient will be 
either treated with conventional regimens until 
autografting is clinically indicated or immediately 
5 submitted to dose-intensive chemotherapy and total 
body irradiation where indicated. 

5- Autologous stem cell transplantation 

Following high-dose chemotherapy and 

10 irradiation cryopreserved marrow or peripheral blood 
stem cells will be rapidly thawed and diluted in 
medium containing 25 UI DNase Ml~l to minimize 
clumping. a minimum of 2 x 10?/kg nucleated cells 
with 85% to 95% viability as measured by Trypan™ blue 
15 exclusion will be returned to the patient. 

While the invention has been described in con- 
nection with specific embodiments thereof, it will be 
understood that it is capable of further modifications 
and this application is intended to cover any varia- 
tions, uses, or adaptations of the invention follow- 
ing, in general, the principles of the invention and 
including such departures from the present disclosure 
as come within known or customary practice within the 
art to which the invention pertains and as may be 
25 applied to the essential features hereinbefore set 
forth, and as follows in the scope of the appended 
claims. 


20 
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b) purging of the bone marrow of step a) by 
photodynamic therapy using a therapeutic amount 
of a photoactivable derivative of claim 1 under 
irradiation of a suitable wavelength; and 

c) performing autologous stem cell transplantation 
using the purged bone marrow of step b). 

4. The method of claim 3, wherein said purging of 
step b) further comprises intensive chemotherapy and 
total body irradiation (TBI) procedures. 

5. A method for in vitro purging of the human bone 
marrow containing metastasis of solid tumors, selected 
from the group consisting of metastasis of breast, 
lung, prostatic, pancreatic and colonic carcinomas, 
disseminated melanomas and sarcomas, wherein surgical 
excision or debulking can be achieved, which comprises 
the steps of: 

a) harvesting said patient's human bone marrow; 

b) purging of the bone marrow of step a) by 
photodynamic therapy using a therapeutic amount 
of a photoactivable derivative of claim 1 under 
irradiation of a suitable wavelength; and 

c) performing autologous stem cell transplantation 
using the purged bone marrow of step b). 

6. The method of claim 5, wherein said purging of 
step b) further comprises intensive chemotherapy and 
total body irradiation (TBI) procedures, 

7 - A method for the photodynamic therapy of a 

cancer patient, which comprises administering to a 
patient a therapeutically acceptable intracellular 
level of a photoactivable derivative of claim 1 and 
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^ - 4. 4-/^ a irradiation of a 
subjecting said patient to a 

therapeutically suitable wavelength. 

, The method of claim 7, wherein said 

photoactivable derivative is administered by 


rn ; rati=;: -action, ^tr.- ~ 

tumor sites directly accessible to light emxss.on or 
tumor sites accessible to laser beams usrng rrg.d 

flexible endoscopes. 

^ t n wherein said laser - 

q The method of claim 8, wnerein 

selected from the group 
accessible tumor site is seiectea 

listing o £ urinary bladder, oral cavity, esophagu , 
stomach, lower digestive tract. upper and 

respiratory tract. 

A method for the treatment of leukemias in a 
patient, which comprises the steps of: 

a) purging of cancerous clones from the bone 
marrow of said patient; 

b) subjecting said purged clones of step a) to . 
pfcotodynamic treatment using a therapeutical 
amount of the photoactivable derivatives of 
claim 1 under irradiation of a suitable 
wavelength for the selective destruction of 
leukemic cells without affecting the normal 
cells of the patient; 

c) administering said treated clones of step b) to 
the patient; 

thereby causing no systemic toxicity for the 
patient. 


WO 96/07431 


PCT/CA95/00485 

1/3 


(DID 2 H post PDT 
W2/H post PDT 
11 50 H post PDT 


<5 

V 



45 



12 3 4- 5 6 7 8 9 10 14 12 13 44 


2 hours post PDT 


CTRL 

CTRL 5J/CM2 
4 UG, 0J/CM2 
1 UG,0.5J/CM2 
4UG,1J/CM2 
4UG,5J/CM2 
40 UG, 0J/CM2 
40UG,0.5J/CM2 
9 - 40UG. 1J/CM2 
10-40(/G,5JyCM2 
14-20UG,OjyCM2 
42-20UG.0.5J/CM2 

13- 20UG.<fJ/CM2 

14- Z0UG,5jyCM2 


4 

2 
3 
4 
5 
6 
7 
8 


WO 96/07431 


PCT/CA95/00485 


2/3 



YOOn 


80- 






60- 






40- 






20 - 


0 - 


12 3 4 5 6 7 8 9 10 11 12 13 14 
23 hours post POT 



ZOO-. 


80- 







60- 





.« 

40- 

5> 





20- 


0 - 


X 


x 


X 


1 2 3 4 5 6 7 8 9 iO 11 12 13 14 


48 hours post PPT 


BNSDOCID: <WO 9607431 A1 I > 


INTERNATIONAL SEARCH REPORT 

Inb coal Application No 

PCT/CA 95/00485 


A. CLASSIFICATION OF SUBJECT MAl ltK 

IPC 6 A61K41/00 C07D311/82 

According to International Patent Classification (IPO or to both national classification and IPC 

B. FIELDS SEARCHED _________ ^— 

f.*.«ri/-k« *-u*tm\ (t\\\rtw^e\ hv classification symbols) 
Minimum documentation searched (classification system i on owe a oy aaxsi.t~*u ? 

IPC 6 A61K C07D 

Documentanon searched other than minimum documentauon to the extent that such documents are mduded tn the Odds searched 

Elearonic d,u consulted during the mtemafonal search (nan,, of data base and. where practical, search terms used) 

C. DOCUMENTS CONSIDERED TO BE RELEVANT __ ^ 

Caicgory " 1 Ciuoon of document, with mdicaoon. where appropnate, of the relevant passages 


P.X 

DATABASE BIOSIS 

BIOSCIENCES INFORMATION SERVICE, 

PHILADELPHIA, PA, US 

AN=95:331441, 

see abstract 

& 23RD ANNUAL MEETING OF THE AMERICAN 
SOCIETY FOR PH0T0BI0L0GY, WASHINGTON, 
D.C., USA, PHOTOCHEMISTRY AND PH0T0BI0L0GY 

vol. 61, no. 5, 17 - 22 June 1995 
paqe 29S 

PAL P ET AL. 'PHOTOXICITY OF BROMINE 
SUBSTITUTED DYES: SYNTHESIS, PHOTOPHYSICAL 
PROPERTIES. ' 

-/— 

1,2,7-9 

nn Fun 

her documems are listed in the con.nuat.on of box C. [x] Patent family member, are listed m annex. 


• Speaal categories of ated documents : -p- j 4ter document published after the international filing date 

or pnonty date and not in conflict with the appiicauonbut 
*A" document defining the general state of the art which is not ated to understand the principle or theory underlying the 

considered to be of particular relevance invention 
*E* earlier document but published on or after the miernauoruJ 'X' document of P*rbcular ^"^> ^ r ^^*^ D £ n 

fihn. date cannot be considered novel or cannot be considered to 

,um * . , . M involve an inventive step when the document is taken alone 

-I ' document which may throw doubts on priority daim(s) or involve an invenuve »cp 

^ScT^ a^d to «tiblish the publication datr of another y document of particular relevance; the 4*^™™%°*,. 

c£Son o? other speail reason (as specified) cannot be cor^dered to involve an ^^^T^u^ 
•O- Lument refemnTTan oral disclosure, use, exhib.tion or S^^c^ 

other means m ^ ^jt. 
■p- document pubUshed pnor to the international filing date but document member of the same patent family 

later than the pnonty date claimed ^ 


Date of the actual completion of the international search 

5 December 1995 

Date of mailing of the international search report 

20.12.1995 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswtjk 
Tel ( ■» JI-70) 140-2040, Tx. 31 651 epo nl. 
Fax: (f 31-70) 340-3016 

Berte, M 



Form PCT/1SA/210 (ncM «fc~i) (lu\y 

page 1 of 3 


INTERNATIONAL SEARCH REPORT 


CtCooBmunon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Ink oomI ApplicAtion No 

PCT/CA 95/00485 


Category ' 


— — — ^— 

QUDon of document, with indianon. where ippropnitt, of the «lcv«.t praps 

CHEMICAL ABSTRACTS, vol. Ill, no. 11, 
11 September 1989 
Columbus, Ohio, US; 
abstract no. 92985, 
PORCELLINI, AD0LF0 ET AL 'Limiting 
dilution analysis for detection of 
residual leukemic cells after bone marrow 
combined decontamination with mafosfamide 
followed by merocyanine-540-mediated 
photosensitization' 
see abstract 

& INT.. J. CELL CLONING (1989), 7(4), 
223-31 CODEN: IJCCE3;ISSN: 0737-1454, 
1989 

DATABASE BIOS IS 
BIOSCIENCES INFORMATION SERVICE, 
PHILADELPHIA, PA, US 
AN=93: 22793, 
see abstract 

& 34TH ANNUAL MEETING OF THE AMERICAN 
SOCIETY FOR THERAPEUTIC RADIOLOGY AND 
ONCOLOGY, SAN DIEGO, CALIFORNIA, USA, INT. 
J. RAD I AT . ONCOL. BIOL. PHYS., 
vol. 24, no. 1, 9 - 13 November 1992 
paqe 207 

WONG J.R. ET AL. 'A NOVEL METHOD OF 
PURGING CARCINOMA CONTAMINATED BONE MARROW 
USING THE LIPOPHILIC CATION RHODAMINE 123' 

CHEMICAL ABSTRACTS, vol. 116, no. 15, 
13 April 1992 
Columbus, Ohio, US; 
abstract no. 147035, 

HAGHIGHAT, SHAGHAYEGH ET AL 'Laser dyes 
for experimental phototherapy of human ^ 
cancer: comparison of three rhodamines 
see abstract 

& LARYNGOSCOPE (1992), 102(1), 81-7 CODEN: 
LARYA8;ISSN: 0023-852X, 
1992 

CHEMICAL ABSTRACTS, vol. 116, no. 15, 
13 April 1992 
Columbus, Ohio, US; 
abstract no. 146920, . 
BUNTING, JAMES R. 'A test of the singlet 
oxygen mechanism of cat ionic dye 
photosensitization of mitochondrial 
damage ' 
see abstract 

& PH0T0CHEM. PH0TOBIOL. (1992), 55(1), 
81-7 CODEN: PHCBAP; ISSN: 0031-8655, 
1992 


Relevant to claim No. 


1,5,6 


1-10 


1-10 


1-10 


Focm PCT/ISA/JIO <co»tinuaOon of *ma*t '»*» 


page 2 of 3 


INTERNATIONAL SEARCH REPORT 


C^Conttnuatxon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


p,x 


Ounoo of document, wilh mdjcQon. where appropriate, of the relevant patuces 

CHEMICAL ABSTRACTS, vol. 112, no. 5, 
29 January 1990 
Columbus, Ohio, US; 
abstract no. 32723, 
GULLIYA, K. 'An in vitro model of 
autologous bone marrow purging for 
multiple myeloma and lung carcinoma cell 
by laser photoradiation therapy' 

TcANCErT (1989), 2(11), 378-82 CODEN: 
CANJEI, 
1989 

DATABASE BEILSTEIN 
BEILSTEIN REGISTRY NUMBER=1334284, 
see abstract 
& ZH. ANAL. KHIM. , 
vol. 15, 1960 
page 523 
KU0NIZ0W ET AL. 

GB.A.2 283 744 (MOLECULAR PROBES INC) 17 
May 1995 
see claims 


INTERNATIONAL SEARCH REPORT 
Bex I Oblations where certain chum, were fund unae«,chah.e (Continuation of item 1 of first .he*) 

Tjuj Rational ^ report ha, not been established in res^t of certain Cairns under Artide , 7 PX .> - - ~ 

K E 2S*£ reUte to subject matter not required to be searched by this Authority, name* /fUa 

^•.Although claims 3-10 are directed to a method of treatment of (d1a- 

nnos t1c method practised on) the human/animal body, the search has been car 
!hS SurinS based on the alleged effects of the compound/composition. 

C SSutS relate to parts of U« international application that do not comply with the present requirement to such 
^"nfZt no meamngful internauona. search can be earned ouu spectfically. 


3. 


□ 


Claims Nos.: 


; drafted in accordance with the second and third sentences of Rule 6.4(a) 


because ihey are dependent claims and are not < 
Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

internauonal Searching Authority found multiple invention, in mis international applicauon. as follows: 


j [ | /vs alt required additional search fees were 
searchable claims. 


timely paid by the applicant, this international search report covers all 

□ As all enable claims could be searches without effort justifying an agonal fee, this Authority did not invite payment 
of any additional fee. 


3 n As on!y some of the required addition* search fee, were umely paid by applicant, this international search report , 
3 " I I _..!"' y on °y those claims for which fees were paid, specifically chums Nos.. 


I 4 □ No required additional search fees were ume.y W gSS^" ^ ^ ^ 

I 1 1 restricted to the invenuon first mentioned in the claims, il is covered by claims pmo* 


Remark on Protest 


Q The additional search fees were accompanied by the applicant's protest 
[ 1 No protest accompanied the payment of additional search fees. 


Form PCT/ISA/210 (continuation of first sheet (1)) (iuly 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 


Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 


LJ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: : . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


BEST AVAILABLE IMAGES 



THIS PAGE BLANK (uspto) 


